influenza season was dominated by influenza A(H3N2) virus, but influenza A(H1N1) pdm09 (pH1N1) and B viruses cocirculated. This provided an opportunity to explore within-season predictors of severity among hospitalized patients, avoiding biases associated with season-to-season differences in strain virulence, population immunity, and healthcare seeking.
In April 2009, the influenza A(H1N1) pdm09 (pH1N1) virus emerged in Mexico and the United States and rapidly spread through the globe [1] . Children and young adults were disproportionally affected [2, 3] , whereas older persons were relatively spared because of cross-protective immunity from prior exposures to related influenza viruses [4] . From April 2009 to April 2010, the Centers for Disease Control and Prevention (CDC) estimated that approximately 60.8 million cases, 274 304 hospitalizations, and 12 469 deaths occurred in the United States due to pH1N1 [5] . Because of the high levels of immunity in the elderly, who usually have the highest rates of mortality from influenza, the number of deaths during the pandemic was somewhat lower than that reported during a severe influenza season. Viboud et al used "years of life lost" to estimate the impact of the 2009 pandemicassociated mortality, accounting for the young age distribution of deaths during the 2009 pandemic [6] . The authors concluded that pH1N1 resulted in more than a million years of life lost in the United States, which is within the range of deaths seen during the 1968 pandemic. Despite the substantial morbidity and mortality documented, some studies suggested that pH1N1 did not cause more severe clinical disease than that caused by seasonal influenza A and B viruses in previous seasons [7] [8] [9] . Comparison of 2009 pandemic data with data from past influenza seasons is challenging because of season-to-season differences in virulence of circulating strains, levels of population immunity, healthcare-seeking behavior, and effectiveness of the vaccine distributed during a particular season. Additionally, there was an unprecedented increase in use of influenza antivirals during the 2009 pandemic that would have to be taken into account during such analysis.
The first US influenza season after the 2009 pandemic was dominated by seasonal influenza A (H3N2) virus, but pH1N1 and B viruses co-circulated [10] . Because there was no significant antigenic change in the pH1N1 virus circulating during the 2010-2011 influenza season, the season provided a unique opportunity to directly compare the pH1N1-associated clinical severity with that caused by H3N2 and B viruses and explore independent predictors of severity among hospitalized persons. We used data from the Influenza Hospitalization Surveillance Network (FluSurv-NET), a population-based surveillance system for laboratory-confirmed influenza hospitalizations, to compare demographic and clinical characteristics of cases by type and subtype of influenza viruses.
METHODS

Study Setting
We used FluSurv-NET data from October 2010 through April 2011. This network conducted population-based influenzaassociated hospitalization surveillance in 81 selected counties in California, Colorado, Connecticut, Georgia, Idaho, Maryland, Michigan, Minnesota, New York, Oklahoma, Ohio, Oregon, Rhode Island, Tennessee, and Utah. The surveillance area encompassed a total of 276 reporting hospitals serving >29 million children and adults and represented 9% of the US population.
Data collection through FluSurv-NET was determined by the CDC to be for routine public health surveillance and was not subject to institutional review board approval for human research protections.
Definitions
A case of influenza-associated hospitalization was defined as a person residing in the surveillance area who was admitted to 1 of the surveillance hospitals ≤14 days after or ≤3 days before a positive influenza test. Laboratory testing for influenza was ordered at the discretion of clinicians providing clinical care. Laboratory confirmation was defined as a positive result from viral culture, direct or indirect fluorescent antibody staining, rapid antigen test, or reverse transcription polymerase chain reaction. Information on demographic characteristics, medical history, influenza vaccination status, clinical course during hospitalization, and treatment with influenza antiviral medications was collected through review of medical charts using a standardized questionnaire. Obesity was defined as a body mass index ≥30 kg/m 2 for adults and as a body mass index ≥95th
percentile for children (excluding those aged <2 years). In adults, a body mass index ≥40 kg/m 2 was considered morbid obesity.
A patient was considered immunosuppressed if diagnosed with immunoglobulin deficiency, cancer, or human immunodeficiency virus/AIDS or treated with oral or injectable steroids for a minimum of 2 weeks before admission. Preexistent underlying medical conditions were obtained during medical chart review. When date of patient's influenza vaccination was not available in the medical record, a vaccination registry or the patient's primary care provider was consulted or the patient/caregiver was interviewed to obtain vaccination history.
Statistical Analysis
Age and type/subtype for influenza-associated hospitalization rates were calculated using the National Center for Health Statistics' vintage 2010 bridged-race postcensal population estimates for the counties included in the surveillance catchment area. To calculate rates using all cases, we adjusted the data for cases of influenza A virus without subtype information, using the age distribution of hospitalized cases with virus subtype information available. Ninety-five percent confidence intervals (CIs) for rates were derived using the delta method [11] . Only data from patients with information on influenza virus type and subtype were used for further analysis. We excluded hospitalacquired influenza cases (defined as those with onset >3 days after hospitalization) because reasons for hospitalization could be attributed to causes other than influenza. Pregnant women with influenza were also excluded because of the potential for complicating factors associated with disease severity in this group that would not be comparable with factors present in the rest of the case population.
Descriptive analyses were used to summarize patients' demographic and clinical characteristics, such as age, sex, race, presence of underlying chronic medical conditions, influenza virus type and subtype, antiviral use, length of hospital stay, intensive care unit (ICU) admission, assisted ventilation, and others. A patient was classified as having severe influenza if admitted to an ICU or if the patient died during hospitalization. We used 2-sided χ 2 test (or Fisher exact test when appropriate) to compare virus type/subtype with demographic, clinical outcomes, and severity for children (aged <18 years) and adults (aged ≥18 years) separately. Unconditional logistic regression models for children and adults were fit separately to determine whether virus type/subtype was an independent predictor of influenza severity and to explore other potential risk factors. Variables known as potential confounders or that were associated with disease severity in the univariable analysis (P < .10) were included in the multivariable regression models; variables that changed odds ratio for severe influenza by ≥10% when removed from the analysis were also kept in final models [12] . To avoid treatment bias introduced by physicians' inclination to treat more severe cases with antivirals [13] , we only included patients treated with antivirals in our models and controlled for the potential effect of prompt treatment (antiviral initiated <3 days of admission) vs late treatment (antiviral initiated ≥3 days after admission). (Among 749 children with illness onset information, median number of days from illness onset to hospitalization was 2 [interquartile range [IQR], 1-4); among 2498 adults with illness onset information, the median was 2 days [IQR, [1] [2] [3] . Assuming that treatment initiated up to 5 days after illness onset could be beneficial, we decided to use a cutoff of <3 days after admission as an indication of prompt antiviral treatment.) For the model, we used individual underlying chronic medical conditions that had shown a potential association with disease severity. For all predictors and associations between variables, differences were considered significant at P < .05. Data analysis was performed using SAS version 9.3 software.
RESULTS
During October 2010 through April 2011, there were 6284 laboratory-confirmed influenza hospitalizations identified in the network. Overall, hospitalization rates associated with H3N2 were 10.8 per 100 000 population, higher than those associated with influenza B and pH1N1 (7.2 and 5.6 per 100 000 population, respectively). Rates varied by age and were highest among those aged <5 years and those aged ≥65 years, by type and subtype. Influenza B-and pH1N1-associated hospitalization rates were comparable among young children (12.3 and 11.1 per 100 000 population, respectively) and adults aged ≥65 years (6.9 and 5.8 per 100 000 population, respectively) but lower than rates associated with H3N2 (20.4 and 49.6 per 100 000 for young children and adults aged ≥65 years, respectively). Rates associated with pH1N1 and H3N2 among those aged 50-64 years were comparable and much higher than the rate associated with influenza B (Figure 1 ). After excluding 2169 cases with incomplete information on virus subtype and 494 cases that were either hospital-acquired cases or cases that occurred in pregnant women, 3621 (57.6%) hospitalizations were further analyzed (830 children and 2791 adults). Among children, 351 (42.3%) had at least 1 underlying medical condition identified, the most common being asthma/ reactive airway disease (19.6%), developmental delay (9%), and chronic lung disease (6%). The majority (85.5%) of adults had underlying medical conditions identified; the most common were chronic cardiovascular disease (37.6%), chronic metabolic disease (36%), chronic lung disease (24%), and asthma (20%).
Demographics by Virus Type and Subtype
In general, demographic characteristics in hospitalized children were similar by virus type and subtype, although the age distribution of children with H3N2 was slightly shifted toward children aged <5 years (P = .02) ( Table 1) .
Among adults, distribution of cases by virus type and subtype varied significantly by age (P < .0001). Among those with H3N2, 60.8% of hospitalizations were in those aged ≥65 years, compared with 42.4% and 14.2% among influenza B and pH1N1 respectively. Hospitalizations associated with pH1N1 were highest among those aged 18-49 years (45.7%) and 50-64 years (40.1%). Morbid obesity was more common among patients hospitalized with pH1N1 (18.2%) than among those with H3N2 (9%) or influenza B (9.6%; P < .0001). Other differences in demographic characteristics by influenza virus type and subtype are presented in Table 1 .
Clinical Characteristics by Virus Type and Subtype
Children hospitalized with pH1N1 and influenza B were more frequently hospitalized for ≥5 days than those with H3N2 (approximately 20% vs 10.7%, respectively; P = .0003). ICU admission was also more frequent among children hospitalized with pH1N1 (22.1%) than among those with H3N2 (12.7%) and influenza B (14.9%; P = .031). A higher percentage of children with pH1N1 (10.5%) and influenza B (6.5%) required mechanical ventilation compared with those with H3N2 (1.6%; P = .0005). Discharge diagnoses of pneumonia were also more common in children with pH1N1 (28.8%) and influenza B (20.5%) than in those with H3N2 (15.5%; P = .004). Discharge diagnosis of seizure was more common in children hospitalized with influenza B (6.3%) than in those with H3N2 (1.6%) or pH1N1 (3.7%; P = .01). Two children died (1 with H3N2 and 1 with influenza B) ( Table 1) .
Among adults, no difference was observed in length of hospital stay by virus type and subtype. However, 25.3% of adults with pH1N1were admitted to the ICU compared with 13.5% of those with H3N2 (and 15.9% of those with influenza Bassociated hospitalizations; P < .0001). Twice as many adults e Discharge diagnoses were collected as predefined categories; stroke was not collected for children, and bronchiolitis and seizures were not collected for adults.
with pH1N1 (13.8%) required mechanical ventilation than did those with H3N2 (5.7%) and influenza B (6.9%; P < .0001). Similarly, acute respiratory distress syndrome was 2 times more frequent among those with pH1N1 (5.6%) than among those with H3N2 (2.4%) and B (2%; P < .0001) ( Table 1) . ICU admission, mechanical ventilation, and acute respiratory distress syndrome were statistically significantly more common in those with pH1N1 than in those with H3N2 and influenza B viruses even after further age stratification (Table 2) .
Factors Associated With Severity
Overall, there were 141 (17%) children with severe influenza. Of those, 38 (26.9%) were associated with pH1N1 virus infection, compared with 34 (24.1%) and 69 (48.9%) children with H3N2 and influenza B, respectively (P = .03). Other characteristics associated with severe influenza in children included presence of underlying medical conditions; 51.1% of those with ≥1 underlying medical condition had severe disease compared with 40.5% of those without any (P = .02). Among selected underlying medical conditions, severity was more common in those with diagnosis of chronic lung disease (13.5% vs 4.5%; P < .0001), chronic metabolic disease (7.8% vs 2.5%; P = .001), or neuromuscular disorder (11.3% vs 3.2%; P < .0001) than those without these diagnoses (Table 3) .
In adults, there were 536 severe influenza cases; of those, 205 (38.2%) were associated with pH1N1, compared with 242 (45.1%) with H3N2 and 89 (16.7%) with influenza B (P < .0001). Disease severity was also associated with age; there was a higher frequency of adults aged 50-64 years among severe cases than among nonsevere cases (31.2% vs 24.4%; P = .005). There was no statistically significant association between having ≥1 underlying chronic medical condition and severe influenza in adults (P = .29). When evaluating the contribution of individually selected underlying medical conditions, influenza severity was significantly higher among those with chronic lung disease (30.9% vs 22.5%; P < .0001), neuromuscular disorder (9.9% vs 7.0%; P = .02), and morbid obesity (12.7% vs 9.7%; P = .04)( Table 3) .
Independent Predictor of Disease Severity
Among children treated with antiviral agents, we fitted a model comparing severity by virus type/subtype while controlling for age group, presence of selected underlying medical conditions, and prompt treatment with antivirals. The final model included 402 children, of which 95 (23.6%) had severe cases. Severity was independently associated with pH1N1 virus infection (adjusted odds ratio (aOR), 2.19; 95% CI, 1.11-4.33), presence of chronic metabolic disease (aOR, 5.23; 95% CI, 1.74-15.69; P = .003) and neuromuscular disorder (aOR, 4.84; 95% CI, 2.02-11.58; P = .0004) ( Table 4) .
There were 1826 adults treated with antiviral drugs, of which 399 (22%) were classified as having severe cases. Vaccination status and presence of immunosuppressive conditions were included in the initial model and later removed because they were not found to be confounders and made the model fit poorly. Adults hospitalized with pH1N1 were twice as likely to have severe influenza as those with H3N2 (aOR, 2.21; 95% CI, 1.66-2.94; P < .0001). After controlling for influenza virus type and subtype, age group, selected medical conditions, and antivirals, independent predictors of severity in adults included chronic lung disease (aOR, 1.46; 95% CI, 1.12-1.89) and neuromuscular disorder (aOR, 1.68; 95% CI, 1.11-2.52). The aOR of severe disease among patients treated with antivirals within <3 days from admission was 0.47 (95% CI, .33-.68; P < .0001), indicating that prompt treatment with antivirals independently reduced the odds of severity. (Table 4 ).
DISCUSSION
Our data suggest that during the 2010-2011 season, the first US season after the 2009 pandemic, persons of all ages hospitalized with pH1N1 were twice as likely to have severe influenza as patients hospitalized with H3N2 or influenza B virus infections; this was true even after controlling for age, presence of certain comorbidities, and prompt treatment with antiviral drugs. Certain underlying chronic medical conditions were also independently associated with increased severity among children and adults. Even among those treated with antiviral drugs, the odds of severe disease in children with chronic metabolic disease or neuromuscular disorder were about 5 times those without. We also found that adults with chronic lung disease or neuromuscular disorder were at increased risk of disease severity, despite virus strain and appropriate antiviral treatment. Certain underlying medical conditions were also independently associated with disease severity. Similar to our study, Kawai et al analyzed data from the 2010-2011 influenza season and reported that cases associated with pH1N1 were slightly more severe than cases ofH3N2 and influenza B. However, this study looked only at outpatients and used duration of fever as their main outcome of interest [14] . To our knowledge, our study is the first to assess the independent effect of pH1N1 on disease severity among influenza-associated hospitalizations accounting for the contribution of influenza H3N2 and B viruses circulating within the same season. As such, we were able to avoid potential biases related to varying medical care-seeking behavior, host immune adaptation, degree of matching between circulating and vaccine-selected viruses and likelihood of being prescribed antiviral drugs, which might change from season to season.
Increased disease severity associated with pH1N1 strains was also described in ferrets when clinical characteristics associated with pH1N1 were compared with seasonal H1N1, H3N2, and influenza B virus infections [15] . The study reported that ferrets infected with pH1N1 virus displayed more severe outcomes and required a longer recovery period than those infected with other virus strains. Although all influenza viruses infect the respiratory epithelium from the nasal passages to bronchioles, pH1N1 tends to infect pneumocytes and intraalveolar macrophages, causing extensive areas of inflammation in the alveoli, which could partially explain the increased severity [15] [16] [17] [18] .
During the 2010-2011 season, the percentage of patients hospitalized with pH1N1 who were admitted to the ICU or needed mechanical ventilation was similar to that reported during the 2009 pandemic in the United States [2, 3] , which suggested that the clinical severity described among pH1N1 hospitalizations during the 2010-2011 season was not dissimilar to that seen in the pandemic. In fact, virologic surveillance detected little, if any, antigenic changes in the pH1N1 viruses circulating during the 2010-2011 influenza season compared with strains circulating during the 2009 pandemic [10] . However, several studies done during and after the 2009 pandemic have not found differences in clinical severity attributable to pH1N1 when comparing clinical outcomes with that of seasonal influenza A (H3N2 and H1N1) and influenza B [7] [8] [9] [10] . Those studies used data from pre-2009 pandemic influenza seasons as comparison, when antiviral treatment was not used as widely. Many of these studies also lacked large enough samples of hospitalized patients for evaluating ICU admissions as the analysis' endpoint or for controlling for other factors that might impact influenza disease severity, such as age and presence of underlying medical conditions [7] [8] [9] . Furthermore, valid comparisons across seasons need to take into account season-to-season differences in strain virulence, population immunity, and healthcare-seeking behavior.
Prepandemic studies comparing disease severity in children by viral type/subtype have often suggested that influenza B viruses cause milder influenza illness than influenza A viruses [19] [20] [21] [22] [23] . However, in our data, influenza B was associated with approximately 15% of ICU admissions and approximately 7% of mechanical ventilation among both children and adults, which was similar to that described for patients hospitalized with H3N2, although less than that associated with pH1N1 (>20% and >10%, respectively). Esposito et al described the clinical impact of the 2007-2008 and 2008-2009 influenza seasons in children; after controlling for age and sex, children with influenza B had significantly higher hospitalization rates than those with seasonal H1N1 [20] . A recent paper describing the 2010-2011 season in Spain, reported that influenza B virus infections caused as much severe disease among those hospitalized as that caused by pH1N1, but they reported on a small sample (total of 130 patients aged ≥14 years) and were not able to proceed with multivariable analysis controlling for age, comorbidities, and other potential confounders [24] . Influenza can be severe in both children and adults [25, 26] , particularly in persons with underlying medical conditions. Regardless of virus type and subtype, we observed an independent contribution of selected underlying medical conditions to influenza severity, even when prompt antiviral therapy was initiated after admission. This was true for both children and adults and underscores the importance of annual influenza vaccination, especially for those with chronic medical conditions at increased risk of influenza-related complications and death [27] . Annual influenza vaccination has been recommended in the United States for all persons aged ≥6 months since 2010 and is the most effective way to prevent influenza disease morbidity and mortality. Nonetheless, in the Unietd States, the national average of influenza vaccination coverage for those aged ≥6 months was 43% during the 2010-2011 season [28] .
Prompt empiric antiviral treatment should be initiated when influenza is suspected, even before laboratory results are known [29] . Our data showed that adults treated with antiviral drugs within <3 days of admission were half as likely to be severe compared with those for whom treatment was initiated later. We did not find a similar protective effect of prompt antiviral use among children, but this could be because of our small sample size, with fewer ICU/deaths in this age group compared with adults. Alternatively, our cutoff point of <3 days of admission indicating prompt antiviral treatment may not be adequate for children. The only study that demonstrated a benefit of oseltamivir in severely ill children hospitalized with influenza compared length of hospital stay between those treated within <24 hours of admission with those treated later (>24 hours) [30] . However, improved clinical outcomes have been described among hospitalized adults treated with antiviral drugs promptly after hospitalization or up to 5 days from illness onset [31] [32] [33] . Despite documented benefits, the use of influenza antiviral medications has decreased significantly among hospitalized patients since the 2009 pandemic [34] ; this is worrisome considering that the use of antiviral agents could reduce the duration of illness and prevent complications.
Our study has a number of limitations. First, influenza testing was ordered at physicians' discretion, and therefore not all persons with influenza were tested or testing could be biased toward more severe cases. However, this bias would not affect our main findings because influenza testing was ordered independently of the knowledge of virus type or subtype. Cases missed because of no testing or less-sensitive influenza diagnostic tools likely lead to underestimation of our hospitalization rates. Second, there may have been underreporting of underlying diseases in the patient's medical chart, and therefore these were not accounted for in our analyses. As stated above, this bias would not affect the association between severity and influenza strain because underlying disease data would have been collected independent of the knowledge of virus type/subtype. Finally, we had a large number of influenza A-associated hospitalizations that did not contribute data to our predictors of severity analysis because of missing subtype information. However, demographic characteristics and clinical outcomes did not differ between cases excluded and those included in our analysis (data not shown). In summary, in the 2010-2011 season, pH1N1 caused more severe disease than H3N2 or influenza B in hospitalized patients. Insight into strain-specific pathogenicity can be useful, and annual assessment of associated severity might be important to guide messaging about influenza vaccination and treatment recommendations. All persons aged ≥6 months should receive annual influenza vaccination. Persons with comorbidities should be specifically targeted with vaccine and early antiviral treatment to reduce the risk of influenza-related complications.
